A Dirac fermion is expressed by a 4 component spinor which is a combination of two quaternions and which can be treated as an octonion. The octonion possesses the triality symmetry, which defines symmetry of fermion spinors and bosonic vector fields.
Introduction
The presence of dark matter in the universe and its abundance about 5 times more than that of normal matter 1 is an important puzzle. In the standard model, matter are described by spinors which are expressed by the algebraic number system quaternions.Élie Cartan 2 showed that two quaternion makes an octonions which together with two sets of 4-dimensional vectors has three bases, which transform among themselves via 5 transformations 
Here, the notation E ′ (E) or A(B) means that the spacial components are transformed to the unbracketed set while the temporal component is transformed to the bracketed component. The vector field that satisfies E = E ′ is the self-dual field.
In this framework, vector fields are expressed as Plücker coordinate in the space of spinors, and there is no entanglement of the intrinsic coordinate and the spacial coordinate as in the minimal symmetric standard model ( MSSM ). The 16 spinor bases are categorized as {ξ 0 , ξ 1 , ξ 2 , ξ 3 , ξ 4 }, {ξ 12 , ξ 31 , ξ 23 , ξ 24 , ξ 34 }, {ξ 123 , ξ 124 , ξ 314 , ξ 234 , ξ 1234 } and the vector fields are expressed as {x 1 , x 2 , x 3 , x 4 } and {x We mainly observe universe via optical, or electro-magnetic detectors. The spinors expressed by quaternion allow the charge conjugation and the triality and the charge conjugation altogether allow presence of 6 sectors, but the EM detector on the earth is sensitive to one sector and the 5 transformed world via G 23 , G 12 , G 13 , G 123 and G 132 would appear as the dark matter.
Pythagoras(ca.570b.c-ca.490b.c.) said numbers are the arkhe (i.e. the origin of mysteries of the cosmos) 3 . The Modern physics is expressed by complex numbers and non-commutative algebraic numbers, and whether the super-symmetry ofÉ. Cartan can govern the universe is an interesting problem.
Let us review the mathematical history on the establishment of the world of complex numbers and quatenions 4 . Gauss showed in 1831 that a hypercomplex number system, which is called Complex number system C is unique. Hamilton discovered in 1843 a hypercomplex number which is called Quaternion H. It is not a field; i.e. commutative law of multiplication does not hold, and every non-zero element has their inverse.
The hyper complex system of numbers is called real algebras and if division can be performed unambiguously, one speaks of division algebra. The uniqueness of a quaternion is proven by Frobenius, and Hopf showed that every finite-dimensional commutative division algebra with unit elements other than R is isomorphic to C 4 .
Via a duplication of the quaternion H, one can construct octonion O. The uniqueness theorem of octonion is discovered by Zorn. It possesses the triality symmetry, in which fermions and vector particles transform with each other 2 .
I investigate, consequences of the super symmetry induced from the triality symmetry of octonions that fermions possess. The structure of this paper is as follows. In Sect.2, I clarify the triality symmetry of leptons and quarks. In Sect.3, the trilaity symmetry of the gluon and its self-energy are estimated. Consequences in baryon decay, meson decay and neutrino mixing are summarized in Sect.4. In Sect.5, the electromagnetic current and neutral current in the standard model is investigated, and the selection of triality in the electromagnetic interaction is discussed. In Sect.6, possible interpretation of dark matter and the velocity of neutrino using the triality symmetry is prsented. Conlusion and discussion are given in Sect.6.
The triality symmetry of leptons and quarks
Let us consider perturbative correction on the self-energy of a gluon in the world in which instantaneous gluon x 4 , x ′ 4 exchange and the one loop correction is already considered and quarks
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The neutrino is left-handed and has a very small mass, and it is expected to be a Majorana particle; i.e. its antiparticle is identical to itself. In order to give neutrino a mass, presence of a right-handed heavy neutrino ψ c R was assumed to introduce the Lagrangian
The process of producing phenomenological neutrino mass and explaining heavy right-handed neutrino as the Dark matter is called seesaw mechanism 10 . Leptons or quarks has the triality symmetry 13 , and although a neutrino is the same as its antiparticle, it has two neutrino partners in different triality sectors. The electron, muon and tau are expected to be eigenstates of mixtures of three leptons in different triality sectors.
The Yukawa mass is defined via Lagrangian defined by the Higgs field φ,
H + H 0 , and v, H + , H 0 are complex scalar fields. Lagrangians coupling neutrunos in different triality sectors
could produce two degenerate light neutrino and a heavy neutrino via diagonalization of
Since it is difficult to explain masses of leptons, I consider masses of the gluons whose mass is expected to be given by the quark loops. In order to make the matrix elements Lorentz invariant, I adopt the dotted spinorsà la van der Wärden 8,? . When quarks in a triality sector ψ obey a unitary transformation U , the quarksψ obey the complex conjugate of the transformation denoted as U * .
We define the four component Dirac fermion representation of a quark or a lepton as 5
and the free Lagrangian
Whether neutrino is also expressed by Dirac fermion is controversial. When an anti-particle is identical with its particle, it is called Majorana particle. If lepton number violating double β decay of a nucleus is observed, one can conclude that the neutrino is a Majorana particle, but the experiments are not conclusive 6,?,11,12 . The Majorana neutrino is represented by a Weyl spinor χp whose antiparticle is identical to the particle, or by a 4-component combination
Here the charge conjugate state is defined as
The ǫ is defined as (iσ 2 ) ab = ǫ ab , and σ 2 σ µ σ 2 =σ µT . The Lagrangian of the Weyl fermion is identical to that of Majorana fermion, but it can be interpreted as a self-dual field.
The Dirac particle is expressed by a four component spinor, or a combination of two Pauli spinors or two algebraic objects quaternions. A combination of two quaternions makes an octonion and the octonion has the triality symmetry 2,13 .
The triality symmetry of gluons
In 13 , I showed that the lattice QCD simulation in the momentum subtraction scheme(MOM) using 2+1flavor domain wall fermion(DWF) gauge configuration after Coulomb gauge fixing showed the effective coupling αs(q) similar to that of ADS/QCD scheme and the α g1 (q) obtained from the electron scattering at JLab 33 .
A trilinear form of the Lagrangian defined by Cartan fixes the gluon x 1 couples with a pair of spinors ξ 12 ξ 314 etc. and when a self-dual gluon is exchanged in the pair of spinors, the pair cannot be coupled with the original x 1 . Thus, one self-dual gluon exchange one-loop gluon selfenergy does not appear and the two self-dual gluon exchange three loop gluon self-energy were considered 13 . I ignore exchange of x 4 , x ′ 4 and diagrams of exchanging two same type of gluons
A transverse gluon polarized along the x-axis can have intermediate t |ξ 234 ξ 0 > or t |ξ 4 ξ 23 as shown in Fig. 1 and 2 and in Fig. 3 Fig.1 to Fig.4 are t 
The corresponding diagrams for a gluon polarized along the y-axis are Fig.5 and 6 and Fig.7  and 8 . In 34 , the self-energy of the transverse gluon Π a 11 was investigated via a current:
By choosing (kz/m) 2 = k 2 , (py/m) 2 = p 2 , I integrate numerically
where f (k 2 , p 2 ) is the form factor, which can, in principle, derived from lattice simulation. I use
(2π) 3 for simplicity and parametrize the running coupling α(q) as 34
where γ = 
Decay processes
In this section, phenomenological baryon decay, meson decay and neutrino mixing are investigated.
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Baryon decay suppression
In the MSSM, there are seven types of left-chiral superfields
and E i where i denote families and it runs from 1 to 3.
The e andē † are the chilarity eigenstate:
Under the ordinary MSSM, invariant superpotential f abc c U a
1 which appears through a gauge transformation causes proton decay, which is not observed in the nature. In order to make the MSSM consistent with the nature, the baryon triality
where B is the baryon number, and Y is the hypercharge, is introduced as the discrete symmetry that should be preserved.
The transformation of the leptonic spinor field to vector field and vice versa in the octonion is different from that of the MSSM.
When a triality preservng product t G 123 G 12 t G 13 operates ontq ,
Here, E(E ′ ) and E ′ (E) can be identified as leptons on a light cone different from the original; i.e. the 4th component of one vector is twisted, in other words, ξ 14 , ξ 24 , ξ 34 are transformed to −x ′ 1 , −x ′ 2 , −x ′ 3 but ξ 0 is transformed to x 4 . The two leptons and one vector particle production will be suppressed.
Similarly, when the transformation G 132 t G 13 G 12 operates ontq , we find the proton decay into three vectors two of which are on a different light cone from the original
will be suppressed. In both cases, since intrinsic parity of the initial state is +, relative wave function of vector particles is required to be odd, and these processes are hindered.
When an triality changing transformation, e.g. G 23 G 13 G 123 operates on the three quark statetq
appears. When t (C, D) can be identified as e + and t (A(B), B(A)) and t (A(B), B(A)) make a meson M X , one could interpret this process as proton decay into e + M X 14 .
Thus, the stability of a baryon is assured when changing its triality sector is suppressed. The transformation to another triality sector than before will not occur through normal electromagnetic processes.
Meson decay
The color neutralmesonic state consists of q α aqᾱ a and under the transformation G 23 t G 23 , the transformation The lagrangian for the B meson decay in MSSM 15 consists of direct coupling of the quark current and the lepton current, and via Higgs particle exchange.
. If right-handed leptons, which could present after the Big bang is at present absent, one could choose r = 0.
In the direct coupling part, under the transformation G 12 t G 12 , the configuration bd expressed by the basis t (A, B) t (C, D) will be transformed to t (A(B) , B(A)) t (C(D), D(C)), which is interpleted as lν l . The presence of twist in the 4th component will suppress the transition.
Neutrino mixing
In the standard model, the Cabibbo-Kobayashi-Maskawa quark mixing matrix
The Flavor Symmetry in the Standard Model and the Triality Symmetry 9 is neary diagonal, but the leptonic 3 × 3 unitary mixing PMNS (Pontecorvo-Maki-NakagawaSakata) matrix 16,17,18
where U T BM is the lepton mixing matrix, and W is the neutrino mixing matrix, has large off diagonal components. In V l L the mixing between νe and ντ is small, Experimentally, νµ → νe oscillation is large in the LSND collabolation 19 where the 800MeV proton beam is used, but no evidence in the MiniBooNE collaboration 23 where the 8GeV proton beam is used. Theoretically, contribution of ντ in νe, νµ coupling was proposed in 20 , and the LSND collaboration showed possible contribution of the sterlile neutrino. MiniBooNe collaboation showed that the 3 neutrino + 2 sterile neutrino coupling model reproduces the LSND and the MiniBooNe data 21,22,23 . The recent T2K experiment 24 suggests that the coupling of νe and ντ is relatively large.
The origin of sterile neutrino is not well known. As 25 , we consider the unitary transformation choosing the basis α = e, µ, τ, s, p where sterile leptons s, p are assumed. The difference of mass squared of the sterile neutrino ν 4 /ν 5 and that of ν 1 is defined as ∆m is expected to be of the order of 1eV 2 . Since the mass is not large as compared to νe or νµ, I assume they are neutrinos in triality sectors other than that of e or µ, not necessarily right-handed as 25 .
The physical neutrino states are expressed as να = U αi ν i 25 , where They showed that in high energy
) cos δ can become small, when |U e4 U µ4 |∆m 2 41 = |U e5 U µ5 |∆m 2 51 and δ ∼ π 27 . In the fit of 25 ∆m 2 21 = 8 × 10 −5 eV 2 , ∆m 2 31 = 2.5eV 2 are used. When the coupling between the physical states 1 and states in the different triality sector is parametrized as sin φ 41 or sin φ 51 , the decay probability becomes,
where
). The neutrino mixing angles are estimated to be θ 23 ∼ 45 • , θ 12 ∼ 34 • and recently measured Daya Bay data fixes θ 13 ∼ 9 •28 . The fitting U e3 = 0 of 25 will be modified to U e3 = sin θ 13 e −iδ ∼ 0.156, and slight changes in other channels are expected. When the masses of the two sterile neutrino are 0.68 eV and 0.95 eV, respectively, parameters U e4 = −0.037, U µ4 = 0.0077, U e5 = 0.13, U µ5 = 0.19 were assigned to fit the data of MiniBooNe 21, 22 . A standard method of explaining non-zero mass of a neutrino is incorporation of right-handed heavy leptons and the see-saw mass generation mechanism 10,31 . This model was extended recently to 6 × 6 flavor mixing model 29,? . However, similar three flavor + three sterile neutrino model was discussed in 32 and no significant improvement to 3 +2 flavor model was found. Whether right handed heavy leptons are necessary to understand mass hierarchy of neutrino is a problem.
The CP violation and the energy dependence of νµ → νe oscillation in the 3+2 flavor model is discussed in 27 . More detailed interpretation of the two sterile neutrino as neutrinos in two different triality sectors is under investigation.
The electromagnetic current and the neutral current
The neutrino interacts with quarks via the weak neutral current and the weak charged current. The Slavnov identity for the electro-magnetic interaction of quarks suggests that the interaction is transversal. In low energy, the photon and the gluon could mix with each other and makes a color-flavor locked state. In high energy, massive Z boson instead of a photon could be exchanged and although the time component is canceled by non-physical ghost exchange, etc., longitudinal polarization as well as transverse polarization contributes in the propagation of the electromagnetic fields.
When a particle belongs to a definite triality sector, it will be selected by electro-magnetic probes of the same triality sector. The electromagnetic current 35
selects one triality sector. The neutral current in the standard model is expressed as
where θ W is the Weinberg angle. When the neutrino couples with a current in a different triality sector, the mixing matrix would become almost flavor independent.
Absence of triality symmetry in Majorana neutrinos, allows transformations among three triality sectors of currents that couple to neutrino, and large off diagonal component in neutrino mixing can be understood 13 .
The hypothesis that the dark matter are baryons in different triality sectors is consistent qualitatively with the recent astronomical observation 40 that the actual dark matter density in the solar neighborhood is on average 21% larger than inferred from most dynamical measurements.
The dark matter and the velocity of neutrino
Around our solar system, dark matter density is higher than the spherical distribution 40 . The matter may be baryons in different triality sectors, which are insensitive to the electromagnetic probes on the earth. In our universe 70% is dark energy, 25% is dark matter and 5% is the normal matter 36 .
Dark matter 25% contents= 10% normal matter in different triality sector+15% neutrinos and other particles, whose SU (2) L leptonic partner belongs to different triality sectors than that of the electromagnetic detector.
After 380000 years after the big bang, neutrino was thought to constitute about 10% of the universe. This percentage does not seem to change much although dark energy increased very much after the epoch of 380000 years.
At the moment of the explosion of the Supernova 1987A, neutrino arrived on the earth 4 hours earlier than the light arrived. In September 2011, CERN OPERA experiment group announced that the νµ traveled from CERN to the detector at Gran Sasso 60 ns faster than the light might have traveled 37 . However, in March 2012, ICALUS and CERN collaboration presented a result of experiment using tightly bunched beam structure, which showed almost the same time of flight of a neutrino and a photon 38 , and at the moment OPERA experiment and ICALUS experiment are consistent.
A possible mechanism of extra luminous velocity is that the νµ represented by the left-handed Weyl spinor χν µ makes an oscillation to νe but in the triality sector different from the original and make another oscillation to return to νµ:
